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Abstract 
The most common abnormalities in retina images occur due to age related macular degeneration and diabetic retinopathy. In this 
paper a decision support system is proposed to classify these abnormalities. The process involves the combination of contextual
information with images obtained from a database. Decisions trees are proposed for this purpose as they can combine contextual 
information with images. Images are pre- processed and segmented to obtain the regions of interest for the individual 
manifestations in each of these diseases. Matching of candidate segmented images with prototype segmented images is 
performed along with the matching of the associated contextual information. 
© 2014 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Over the past couple of decades, Case Based Reasoning (CBR) has evolved as a popular paradigm for decision 
making in real world problems. CBR hinges on the fact that similar cases have similar solutions. This methodology 
has been adapted from the physicians’ approach to diagnosis and therapy planning. The knowledge acquired by 
medical experts is a combination of text book knowledge and knowledge acquired from clinical experience. The 
basic idea of CBR 1 is to retrieve cases from a case database and establish the relevance between candidate and 
prototype cases through a similarity measure. If the first case history involves the analysis and classification of sets 
of longitudinal series of multimedia image sets, automatic indexing using digital content, referred to as Content 
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Based Image Retrieval (CBIR) 2 is a possible solution for defining similarity measures. Thus, retrieval of images 
from a database based on similarity based criteria is an important procedure in CBR 3, 4, 5. When the retrieval process 
involves heterogeneous information like images and contextual information, the CBR system encounters problems 
in aggregating these variables and dealing with missing information. Decision trees 3 are well suited for retrieval to 
process heterogeneous as well as incomplete information. This note proposes an approach to classify abnormalities 
in fundus images of the retina using decision trees. The abnormalities of the retina that have been considered for the 
present study are those arising from age related abnormalities like Age Related Macular Degeneration(AMD) and 
those arising from Diabetic Retinopathy (DR) like micro aneurysm(MA), hard exudates (HE), cotton wool spots 
(CWS) and hemorrhages. Table 1 lists the manifestations of the abnormalities as seen in retina fundus images, 
obtained in public databases. To the best of our knowledge, there is no existing work combining AMD and DR. This 
is a pioneer attempt in integrating contextual information with images.  
Table 1.Properties of different retinal abnormalities 
Name  
of
disease
Types of 
abnormalities 
Characteristic Colour  Shape Frequency Area affected 
AMD Dry retinal pigment epithelial layer yellow circular many large/small 
AMD Wet bleeding, leaking from blood 
vessels
dark red not defined  few large 
DR Micro 
aneurysms 
occur secondary to capillary wall 
out pouching due to pericyte loss 
red small circular few/many small 
DR Haemorrhages occur as microaneurysms rupture 
in the deeper layers of the retina 
bright red not defined few large 
DR Hard exudates 
or waxy 
exudates 
breakdown of the blood-retina 
barrier, allowing leakage of 
serum proteins, lipids, and protein 
from the vessels 
yellow circular many large 
DR Soft exudates or 
cotton wool 
exudates 
nerve fiber layer infarctions from 
occlusion of precapillary 
arterioles 
white or 
yellowish
white
not defined few small 
2. Previous Work 
Segmentation of retina images to extract abnormalities, and in particular, exudates, using fuzzy c-means have been 
used successfully in earlier work. Mathematical morphology has also been used to extract exudates and micro 
aneurysms 9, 13. Hue and intensity characteristics of regions of interest have been utilized in exudates extraction 10.
Naive Bayes and SVM classification has been used to classify exudates 14. Micro aneurysms have been detected 
using Gabor filters 15. Decision Support systems have been used to classify diabetic retinopathy images 12. Machine 
learning has been used for exudates extraction 14. Decision trees along with association rule mining has been used 
for general medical image classification 17. A comparative study of Case Based Reasoning and data mining has been 
carried out 16. These approaches have been confined to DR cases. In our proposed algorithm, the Decision Tree 
approach has been employed to integrate AMD cases with DR. The advantage is in the use of contextual 
information to differentiate between AMD and DR.
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3. Image Processing 
    Diabetic Retinopathy (DR) and Age related Macular Degeneration (AMD) are the most common causes for loss 
of vision. In DR, retina contains blood clots as well as lipids and proteins. In AMD, severe bleeding from blood 
vessels of retina may cause blurred vision leading to loss of sight. 
Fig. 1. Flowchart of image pre-processing 
Retinal images having abnormalities in public database are considered as input images for the training sets. 
Normally, retinal images are colored images. So we convert the input images to gray scale images. Then 
preprocessing on images were performed for enhancing the quality of the images. After that Fuzzy C means (FCM) 
clustering technique is applied to the images. FCM is based on minimization of the function 
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where m > = 1, i ju  is the degree of membership of ix in the cluster j , jc is center of j th cluster and > @*  is used 
to express similarity between any measured data and center. 
Any diseased retinal image has three different color groups. Blood vessel tree and haemorrhages are dark red; 
Optic Disk, exudates in Diabetic retinopathy and drusens in AMD are bright yellow; mucus and membrane of the 
retina are of yellowish red color. So we select the number of clusters as three. After three different clusters are 
 Input retinal image with abnormalities 
    Conversion into gray scale image 
    Enhancement of quality of image 
Fuzzy C means clustering for 
generating three different clusters 
Extraction of the cluster corresponding 
to the darkest point of the input image  
Extraction of the cluster corresponding 
to the brightest point of the input image  
Detection of micro 
aneurysms 
Detection of 
haemorrhages 
Detection of hard 
exudates 
Detection of soft 
exudates 
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generated, then, depending on the abnormality type, an appropriate cluster is selected. If micro aneurysms or 
haemorrhages are to be detected from Diabetic Retinopathy images, then the cluster containing the dark red portion 
should be extracted from the clustered image and the region of interest should be selected from that. If the exudate is 
a region of interest, then the cluster containing bright yellow color is selected. The flow of the algorithm is depicted 
in Fig. 1. Images from the public databases were divided into two groups, one consisting the training set comprising 
of 10 images of each abnormality ( 60 images) and the other the test set (79 images) out of a total of 139 images. 
4. Decision tree 
Decision Tree is a decision support methodology which uses a set of rules to divide a population of cases into 
homogeneous groups and has a flow chart like structure. Each internal node denotes a test on an attribute, each edge 
denotes the outcome of the test and leaf nodes contain the class label. Each rule comprises of tests on some 
attributes of a group. These attributes could be images or contextual information.  
Fig. 2. Decision Tree 
Following 3, 4 the tree is made up of a single node containing the whole case population, at the onset of the learning 
process. After the Decision Tree is constructed, each case i is assigned to each leaf j where j=1...N with a weight wij.
This weight wij is 0 or 1 if every test attribute is known for i. At the beginning, the whole population forms the root 
of the tree. For generating different branches of the tree, the discriminating features are selected from the population 
characteristics. These features are called tests which generate new child nodes. The power of discrimination can be 
measured by Shannon entropy gain G 3.
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(before dividing it) and  1,...,iI i N   is the entropy in the ith child node. A similarity measure3 is defined 
between prototype and candidate cases as follows. At the end of learning each prototype example is assigned to each 
leaf  1,...,j N   with weight ijw  equal to zero or 1 if every attribute is known or an intermediate value between 
0 and 1 otherwise. When a candidate case (c) is compared to a prototype case (i) which falls in some leaf j, the 
similarity measure (initially set to zero) is increased by .cj ijw w 3. The final similarity measure is a sum of these 
values over all leaves N. Ordering of the prototypes are by decreasing order of this similarity measure. The accuracy 
is the percentage of retrieved cases whose label matches the query. The heterogeneous variables include age, gender, 
postprandial blood glucose (PPBG) levels and family history of the disease (e.g. diabetes). The attribute chosen to 
separate the population into two homogeneous groups is PPBG, which is less than 180 for normal population. 
Subsequently, image features are analyzed for classification as shown in Fig. 2. For AMD, drusen (yellowish) and 
haemorrhages are considered. For DR, reddish spots (MA) or yellowish patches (HE), fluffy white (CWS) or 
haemorrhages. 
5. Results 
Images of abnormalities of retina images obtained from the prototype database and the regions of interest (ROI)
extracted are depicted in Fig. 3 to Fig. 8. In addition to Fuzzy C- Means, morphological operations were performed 
to remove the optic disc for hard exudates extraction as shown in Fig. 3. For candidate images, the same image 
processing procedures are followed to obtain ROI. Fig. 3 to Fig. 6 contains images of DR while Fig. 7 and F8 depict 
images of AMD. One of the earliest manifestations of DR is MA which appears as red spots as seen in Fig. 6. Blood 
vessels also appear in Fig. 6 which can be removed using morphological operations. In the next stage, there is a 
leakage of lipid proteins from the blood vessels leading to hard exudates which are round and yellowish in colour 
(see Fig. 3). The optic disk is also a yellow disk which is removed through morphological operations. Soft exudates 
or cotton wool spots appear as fluffy white deposits (Fig. 4) also occur during non proliferative DR. Haemorrhages 
or blood leakage (Fig. 5) occur during the advanced stages which become very severe during the proliferative phase 
of DR. AMD is initially manifested as the more prevalent form of dry AMD when yellowish deposits know as 
drusen (Fig. 8) are seen near the macula. Additional blood clots/haemorrhaging is observed in the more severe wet 
type of AMD (Fig. 7). Prototype images with the above mentioned manifestation are 
Fig. 3. (a)DR image with hard exudates; (b) hard exudates 
detected.
Fig. 4. (a) DR image with cotton wool spots; (b) cotton wool spots 
detected.
Fig. 5. (a) DR image with haemorrhages; (b) haemorrhages 
detected
Fig. 6. (a) DR image with micro aneurysms ; (b) micro aneurysms 
detected
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Fig. 7. (a) wet AMD image; (b) blood clot detected Fig. 8. (a)dry AMD image; (b) dry drusen detected
6. Conclusion and future work 
    The diseased retinal images are processed and the abnormalities are detected using the proposed algorithm. 
Several images are collected from public database and used for this purpose. Abnormalities of retina due to Diabetic 
Retinopathy (DR) and Age related Macular Degeneration (AMD) is considered here and treated separately. The DT 
algorithm which is in the developmental stages can be improved to automatically detect the type of the disease in 
retina i.e. whether DR or AMD.
    Future work consists of developing a more comprehensive DT framework by including more attributes and 
values. Also the existing framework needs to be tested and tried out on extensively on many cases to standardize the 
procedure. The proposed algorithm will be tried on many more test images to be obtained from medical centers, in 
order to standardize the technique.
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